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Abstract: Background Fluoroscopically guided cardiac catheterisation is an 
essential tool for diagnosis and treatment of congenital heart disease. 
Drawbacks include poor soft tissue visualisation and exposure to 
radiation. We describe the first 16 cases of a novel method of cardiac 
catheterisation guided by MR I with radiographic support. 

Methods In our cardiac catheterisation laboratory, we combine 
magnetic resonance and radiographic imaging facilities. We used MR I to 
measure flow and morphology, and real-time MR I sequences to visualise 
balloon angiographic catheters. 12 patients underwent diagnostic 
cardiac catheterisation, two had interventional cardiac 
catheterisations, and for two patients, MR I was used to plan 
radiof requency ablation for treatment of tachyarrhythmias. 

Findings In 14 patients, some or all of the cardiac catheterisation 
was guided by MRI . In two patients undergoing radiof requency ablation, 
catheters were manipulated with use of fluoroscopic guidance and 
outcome was assessed with MRI. All patients received lower amounts of 
radiation than controls. There was some discrepancy between pulmonary 
vascular resistance calculated by flow derived from MRI and the 
traditional Fick method. We were able to superimpose fluoroscopic 
images of electrophysiology electrode catheters on the three 
dimensional MRI of the cardiac anatomy. 

Interpretation We have shown that cardiac catheterisation guided by 
MRI is safe and practical in a clinical setting, allows better soft 
tissue visualisation, provides more pertinent physiological 
information, and results in lower radiation exposure than do 
fluoroscopically guided procedures . MRI guidance could become the 
method of choice for diagnostic cardiac catheterisation in patients 
with congenital heart disease, and an important tool in interventional 
cardiac catheterisation and radiof requency ablation. 
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Abstract: Minimally invasive interventional radiological procedures, such 
as balloon angioplasty, stent placement or coiling of aneurysms, play 
an increasingly important role in the treatment of patients suffering 
from vascular disease. The non-destructive nature of magnetic resonance 
imaging (MRI), its ability to combine the acquisition of high quality 
anatomical images and functional information, such as blood flow 
velocities, perfusion and diffusion, together with its inherent three 
dimensionality and tomographic imaging capacities, have been advocated 
as advantages of using the MRI technique for guidance of endovascular 
radiological interventions. Within this light, endovascular 
interventional MRI has emerged as an interesting and promising new 
branch of interventional radiology. In this review article, the authors 
will give an overview of the most important issues related to this 
field. In this context, we will focus on the prerequisites for 
endovascular interventional MRI to come to maturity. In particular, the 
various approaches for device tracking that were proposed will be 
discussed and categorized. Furthermore, dedicated MRI systems, safety 
and compatibility issues and promising applications that could become 
clinical practice in the future will be discussed. 
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Abstract: Several attributes make magnetic resonance imaging (MRI) 
attractive for guidance of intravascular therapeutic procedures, 
including high soft tissue contrast, imaging in arbitrary oblique 
planes, lack of ionizing radiation, and the ability to provide 
functional information, such as How velocity or flow volume per unit 
time, in conjunction with morphologic, information. For MR guidance of 
vascular interventions to be safe, the interventionalist must be able 
to visualize catheters and guidewires relative to the vascular system 
and surrounding tissues. A number of approaches for rendering 
instruments visible in an MR environment have been developed, including 
both passive and active techniques. Passive techniques depend on 
contrast agents or susceptibility artifacts that enhance the appearance 
of the catheter in. the image itself,, whereas active techniques rely 
on supplemental hardware built into the, catheter, such as a 
radiofrequency (Rr) coil. Additionally, the ability to introduce an RF 
coil mounted on a catheter presents the opportunity to obtain 
high-resolution images of the vessel wall. These images can provide the 
capability to distinguish and identify various plaque components. The 
additional capabilities of MRI could potentially open up new 
applications within the purview of vascular interventions beyond those 
currently performed under X-ray fluoroscopic guidance. J. Magn. Reson. 
Imaging 2000;12:534-546. (C) 2000 Wiley-Liss, Inc. 
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Abstract: Several attributes make magnetic resonance imaging (MRI) 

attractive, for guidance of intravascular therapeutic procedures, 
including high soft tissue contrast, imaging in arbitrary oblique 
planes, lack of ionizing radiation, and the ability to provide 
functional information, such as, flow velocity or flow volume per unit 
time, in conjunction with morphologic information. For MR guidance of 
vascular interventions to be safe, the interventionalist must be able 
to visualize catheters, and guidewires, relative, to the vascular 
system and surrounding tissues. A number of approaches for rendering 
instruments visible in an MR environment have been developed, including 
both passive and active techniques. Passive, techniques depend on 
contrast agents or susceptibility artifacts that enhance the appearance 
of the catheter in the image itself, whereas active techniques rely on 
supplemental hardware built into the catheter, such as a radiof requency 
(RF) coil. Additionally, the ability to introduce an RF coil mounted on 
a catheter presents the opportunity to obtain high-resolution images of 
the vessel wall. These images can provide the capability various plaque 
components, to distinguish and identify The additional capabilities of 
MRI could potentially open up new applications within the purview of 
vascular interventions beyond those currently performed under X-ray 
fluoroscopic guidance. (C) 2000 Wiley-Liss, Inc. 
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Abstract: Magnetic resonance imaging (MRI) has a number of characteristics 
which make it attractive for guidance of intravascular therapeutic 
procedures, including high soft tissue contrast, imaging in any 
arbitrary oblique plane, lack of ionizing radiation, and the ability to 
provide functional information, such as now velocity and volume per 
unit time. For MR guidance of vascular interventions to be safe, 
catheters and guidewires must be visualized relative to the vascular 
system and surrounding tissues 

A number of approaches for making instruments visible in an MR 
environment are presented, including both passive and active techniques 
Passive techniques depend on contrast agents or susceptibility 
artifacts, whereas active techniques, including MR tracking? MR 
profiling, and active field inhomogeneity, use some form of electrical 
coil built into the instrument. The potential for obtaining 
high-resolution images of the vessel wall using coils built into a 
catheter is also discussed. 

These images provide the capability to distinguish and identify 
various plaque components. The additional capabilities of MRI could 
potentially open up new applications beyond those currently performed 
under X-ray fluoroscopic guidance. 
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Abstract: Magnetic resonance (MR) imaging has a number of characteristics 
that make it attractive for interventional guidance, including superior 
soft tissue contrast; the lack of ionizing radiation; the ability to 
provide functional information such as flow, perfusion, and diffusion; 
and the ability to monitor tissue temperature during ablation therapy. 
To date, MR scanning has played only a minor role in interventional 
guidance. One hindrance is that current interventional instruments are 
poorly visualized in an MR image. This article presents a number of 
approaches to making instruments visible in an MR scanning environment. 
Passive techniques, using signal voids, contrast agents, or 
susceptibility artifacts, as well as active alternatives, including 
optical triangulation, MR tracking, MR profiling, and active field 
inhomogeneity, are discussed. 
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Abstract: All image-guided neurosurgical systems that we are aware of 
assume that the head and its contents behave as a rigid body. It is 
important to measure intraoperative brain deformation (brain shift) to 
provide some indication of the application accuracy of image-guided 
surgical systems, and also to provide data to develop and validate 
nonrigid registration algorithms to correct for such deformation. We 
are collecting data from patients undergoing neurosurgery in a 
high-field (1.5 T) interventional magnetic resonance (MR) scanner. 
High-contrast and high-resolution gradient-echo MR image volumes are 
collected immediately prior to surgery, during surgery, and at the end 
of surgery, , vith the patient intubated and lying on the operating table 
in the operative position. In this paper we report initial results from 
six patients: one freehand biopsy, one stereotactic functional 
procedure, and four resections. We investigate intraoperative brain 
deformation by examining threshold boundary overlays and difference 
images and by measuring ventricular volume, We also present preliminary 
results obtained using a nonrigid registration algorithm to quantify 
deformation. We found that some cases had much greater deformation than 
others, and also that, regardless of the procedure, there was very 
little deformation of the midline, the tentorium, the hemisphere 
contralateral to the procedure, and ipsilateral structures except those 
that are within 1 cm of the lesion or are gravitationally above the 
Surgical site. 
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Abstract: Interventional MR I is one of the most recent developments of 

clinical MR imaging. Because of the development of open MR systems and 
very compact high-field systems, a number of interventional procedures 
are already possible today under MR control and will be tested in 
experimental and clinical investigations. The currently commercially 
available systems differ with respect to their static magnetic field 
strength, their gradient systems and patient access. In addition, there 
are differences concerning their space requirements and costs. All 
systems have components facilitating interventional procedures. In this 
article we discuss the advantages and shortcomings of these 
commercially available systems and look at future developments in 
interventional MR equipment. 
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Abstract: Purpose: To assess the feasibility of a new developed field 

inhomogeneity catheter for interventional MR imaging in vivo. Materials 
and methods: Three different prototypes of a field inhomogeneity 
catheter were investigated in 6 pigs. The catheters were introduced in 
Seldinger technique via the femoral vessels over a guide wire on an 
interventional MR system (Philips Gyroscan NT combined with a C-arm 
fluoroscopy unit [Philips BV 212]). Catheters were placed in veins and 
arteries. The catheter position was controlled by a fast gradient echo 
sequence (Turbo Field Echo [TFE] ) . Results: Catheters were introduced 
over a guide wire without complications in all cases. Using the field 
inhomogeneity concept, catheters were easily visualised in the inferior 
vena cava and the aorta by the fast gradient echo technique on MR in 
all cases. Although aortic branches were successfully cannulated, the 
catheters were not displayed by the TFE technique due to the complex 
and tortuous anatomy. All animals survived the experiments without 
complications. Conclusion: MR guided visualisation of a field 
inhomogeneity catheter is a simple concept: which can be realised on 
each MR scanner and may allow intravascular MR guided interventions in 
future . 
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Recent advances in the analysis of nanoliter volumes using 1H NMR 
microcoils have led to the application of microcoils as 
detectors for capillary electrophoresis (CE) . Custom NMR probes consisting 
of 1 -mm- long solenoidal microcoils are fabricated from 50-micron 
diameter wire wrapped around capillaries to create nanoliter-volume 
detection cells. For geometries in which the capillary and static magnetic 
field are not parallel, the electrophoretic current induces a magnetic 
field gradient which degrades the spectroscopic information obtainable from 
CE/NMR. To reduce this effect and allow longer analyte observation times, 
the electrophoretic voltage is periodically interrupted so that 1-min 
high-resolution NMR spectra are obtained for every 15 s of applied voltage. 
The limits of detection {LODs; based on S/N = 3) for CE/NMR for arginine 
are 57 ng {330 pmol; 31 mM) and for triethylamine (TEA) are 9 ng (88 pmol; 
11 mM) . Field-amplified stacking is used for sample preconcentration. As 
one example, a 290-nL injection of a mixture of arginine and TEA both at 50 
mM (15 nmol of each injected) is stacked severalfold for improved 
concentration LODs while achieving a separation efficiency greater than 
50,000. Dissolving a sample in a mixture of 10% H2O/90% D20 allows H20 to 
serve as the nearly ideal neutral tracer and allows direct observation of 
the parabolic and flat flow profiles associated with gravimetric and 
electrokinetic injection, respectively. The unique capabilities of CE and 
the rich spectral information provided by NMR spectroscopy combine to yield 
a valuable analytical tool, especially in the study of mass-limited 
samples . 
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Three-dimensional NMR microscopy: Improving SNR with temperature 
and microcoils 
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It is widely held that the spatial resolution achievable by NMR 
microscopic imaging is limited in biological systems by diffusion to 
approximately 1-5 mum. However, these estimates were developed for specific 
imaging techniques and represent practical rather than fundamental limits. 
NMR imaging is limited by the signal-to-noise ratio (SNR) . Diffusion 
effects on spatial resolution can be made arbitrarily small in principle by 
increasing the gradient strength. The exponential signal attenuation from 
random spin motion in a gradient, however, will reduce the signal far below 
the noise level when the voxel size is reduced much below 5mum. Two factors 
can be optimized to improve the SNR: (1) the inductive linkage between 
microscopic samples and the detection apparatus and (2) the 
temperature of the rf probe. In this work, the filling factor was 
optimized using inductors with diameters less than 1 mm. It is furthermore 
shown that probe circuit cooling results in significant improvements in 
SNR, whereas cooling of the preamplifier is of little value when proper 
noise matching between the resonant circuit and preamplifier is 
accomplished. Using three-dimensional Fourier imaging techniques, we have 
obtained images of single-cell organisms with spatial resolution of 
approximately 6 mum. Practical limitations include mechanical stability of 
the apparatus, thermal shielding between the sample and probe, and the 
magnetic susceptibility of the sample. 
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The Guglielmi detachable coil, a platinum microcoil used in the 
endovascular treatment of intracranial aneurysms, was studied in vitro for 
its MR imaging artifacts, heat production, and f erromagnetism. In 
addition, imaging artifacts were studied in vivo in eight patients who had 
undergone therapeutic placement of these coils. These devices displayed a 
very low level of MR artifact and no f erromagnetism or heat 
production. We conclude that the Guglielmi detachable coil is compatible 
with MR imaging in terms of both safety and image quality. 
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A 34-year-old man with intermittent exophthalmos, found to have a large 
varix in the right orbit, was treated by endovascular surgery. Percutaneous 
transfemoral venous catheterisation and embolisation of the orbital varix 
was performed on two occasions. A Tracker 18 microcatheter was 
introduced through the right inferior petrosal sinus, cavernous sinus, 
superior ophthalmic vein and then into the varix, following a guidewire. 
Superselective venography of the right ophthalmic vein showed the varix. A 
total of 204 platinum microcoils was used to pack the varix. At the 
time of discharge, the exophthalmos had largely resolved. As this technique 
is much less invasive than surgical resection, we recommend an 
attempt at endovascular embolisation of orbital varices prior to surgical 
removal . 
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